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Abstract 
 
Synthetic oligodeoxynucleotides with CpG motifs (CpG-ODNs) can be used as 
vaccine adjuvants, anti-allergens and medicines for the treatment of infectious 
diseases and cancer.  In this study, we report that CpG-ODN 2006 induce the 
expression immune-related genes in Tiger shrimp (Penaeus monodon Fabr) 
hepatopancreas.  Evidence of a genes alpha 2 macroglobulin (α2M) and Heat 
Schock cognate 70 (Hsc70) were induced by CpG-ODN 2006.  Penaeus 
monodon antivirus (PmAV) failed to be induced by CpG-ODN 2006.  The 
present results provided insights into the immunological prevention 
management in shrimp culture industry.  
 
 
 
 
 
Keywords; Synthetic, CpG 2006, Penaeus, Shrimp 
  
I.  INTRODUCTION 
Marine shrimp aquaculture is the most valuable marine aquaculture 
industry in the world at about $15 billion annually. The industry saw major 
growth during the 1980s, but now, production is seriously affected by 
problems linked to infectious diseases. The major constraint for aquaculture 
seems to be the loss due to diseases. Prevention and control of diseases are 
now considered priorities for shrimp aquaculture in the shrimp producing 
countries.  
For the aquaculture industry to prosper in the future it is a prerequisite 
that the losses caused by diseases and the use of antibiotics are kept at a 
minimum.  Immunoprophylaxis recognized by stimulation of innate and 
adaptive immunity is consequently the foundation for developing aquaculture 
into a sustainable bioproduction in the aquatic ecosystems.  Whilst 
vaccination is the method of choice over antibiotic treatments for the control 
of many fish diseases, vaccines for others are unavailable or, at best, in the 
early stages of their development.  In recent years in the aquaculture 
industry, increasing consideration has been given to the use of 
immunostimulants as adjuncts to vaccination and as a potential route to the 
reduction in the widespread use of antibiotics.   An immunostimulant is a 
substance or action, which causes an innate immune response or increases 
an adaptive immune response.  For the past ten years the research of 
immunostimulant in shrimps has gained increased acceptance because the 
wide range of bacteria and virus that affect the shrimp production, causing 
economic losses  
Synthetic oligodeoxynucleotides (ODNs) containing unmethylated 
CpG were evaluated for their ability to act as an immunostimulant in fish and 
shellfish (Tassakka and Sakai, ). In shrimps, it has been reported that CpG-
ODNs induce various innate immune responses and can be used in the 
control of virus disease for its immunostimulating properties (Chang et al., 
2003; Zhang et al., 2010). Sun et al. (2013) demonstrated that incubation 
with CpG-ODNs increased the ROS production, apoptosis and phagocytosis 
level of shrimp hemocytes. CpG-ODNs enhanced the respiratory burst level 
and phenoloxidase activity of Macrobrachium rosenbergii hemocytes (Chuo 
et al., 2005; Sung et al., 2009).  Zhang et al. (2010) reported thatstimulation 
of CpG ODNs could induce the expression of antiviral associated genes in L. 
vannamei.  The copy number of WSSV in those shrimps pre-injected with 
CpG ODNs was lower than that in untreated group after WSSV challenge, 
and the survival rate in CpG pre-injected shrimps was significantly higher 
than that of the control. A previous work form our laboratory using three 
kinds of synthetic CpG-ODNs (CpG-ODN 1668. 2133, and 2006) showed 
that CpG-ODNs 2006 enhanced total hemochyte, phagocyte activity and 
lysozyme of shrimp (Penaeus monodon Fabricius).  This CpG-ODNs (2006) 
also increased disesase resistant to Vibrio harveyi.  However, the data on 
the expression of immune-related genes of shrimps are still scarce. 
 
 
 
 
 
II.  MATERIALS AND METHODS 
 
A total of 20 Penaeus monodon Fabr was obtained from Pangkep 
Farming Shrimps, South Sulawesi.  Shrimps were maintained in out-door 
tanks with running fresh water at 16 C for two weeks and fed a commercial 
diet twice daily.  The oligodeoxynucleotides containing CpG motifs (CpG-
ODN) 2006 was obtained from PT. Genetika Science Indonesia, with the 
sequence 5’- TTCGTCGTTTTGTCGTTTGTCGTT-‘3 and was suspended in 
0.01 M Phosphate Buffer Saline (PBS)(50μg/ml) and injected into shrimps at 
a dose of 50 μg/shrimp intramuscularly.  Control shrimp received an equal 
dose of PBS alone.  Ten shrimp from each group were sampled at 7 days 
after injection.   
Total RNA was isolated from hepatopancreas using QIAGEN (Nippon 
Gene, Japan) according to the manufacturer’s instructions.  cDNA synthesis 
was performed using Ready-To-Go You-Prime First Strand Beads kit (GE, 
Healthcare).  The cDNA was then used for PCR.  All PCR reactions were 
performed according to the following protocol: 1 l of cDNA was mixed with 5 
l dNTPs (10 M of each dNTP), 0.5 Taq polymerase (5 units/l), 5 l of 
each gene-specific primer and 27.5 l of water. Primers for -actin (Fw: 5’-
TGACGGCCAGGTGATCACCA-3’ and Rv: 5’-
GAAGCACTTCCTGTGAACGA-3’) were used as positive control for RT-
PCR, since the gene is constitutively expressed.  Expression levels of the 
Alpha 2 Macroglobulin (α2M), Heat Shock Cognate 70 (Hsc70) and Penaeus 
monodon antivirus (PmAV) in Shrimps were examined using the gene 
specific primers.  These primers were designed using highly conserved 
regions for α2M  (Fw: 5’-ATGGCCAATCCCGAGAGGTACCTACTG-3’ and 
Rv: 5’- TGTTGCTGCAGAAGTTTGTTATTCTCAT-3’), Hsc70 (Fw: 5’-
TGTCGGTATTGATCTGGGAA-3’ and Rv: 5’- 
ACGCTCTGTGTCTGTGAAGG-3'), and PmAV (Fw: 5’- 
TAGTGCATGCATATGGGTCATACAATCCTA-3’ and Rv: 5’-
CTGTCTCGAGCTATGTGTCCTGCTTTCACA-3’).   
The PCR was performed in a PCR apparatus (Applied Biosciences 
2700) following the profile of denaturation (94 C, 30 sec), annealing [55 C 
(actin), 65 C (Alpha 2 Macroglobulin),  55 C (Hsc70), 61 C (PmAV), 1 min] 
and elongation (72 C, 1 min).  PCR products were electrophoresed on a 1.5 
% agarose gel to detect the specific bands.  Semi quantitative analysis was 
carried out according to the method described by Kono et al. (2003).  In 
order to obtain an optimum semi-quantitative approach to analyse Shrimps 
immune-related genes expression, both Shrimps immune-related genes and 
-actin genes were amplified using a series of cycle numbers (30-40) under 
the above conditions.  By reducing the cycle number from 40 to 30, it was 
possible to select a cycle number that just gave a clear product, which in the 
case of cDNA of Shrimps was 35 cycles for both -actin and Shrimps 
immune–related genes.  After determining the optimal cycle number, specific 
PCR was conducted three times.  The relative levels of RNA were quantified 
for each gene by densitometry, which was performed by measuring the 
photostimulated luminescence values using Science Lab99 Image Gauge 
software (Fujifilm, Japan).  Ratios of immune-related genes / -actin product 
were subsequently calculated for each gene of interest and used to assess 
the differences in expression levels between control and CpG-ODNs injected 
group.   The data was expressed as mean ±SD. The data was analysed 
using Student’s t-test.   
 
 
III.  RESULTS AND DISCUSSIONS 
 
The expression of Alpha 2 Macroglobulin (α2M) in the 
hepatopancreas of Shrimps injected with 5 g of CpG-ODNs/shrimp is 
shown in Fig. 1.  In comparison with the control hepatopancreas, the cells 
injected with CpG-ODN 2106 showed a significantly enhanced α2M 
expression on day 7 (*P < 0.05).  The hepatopancreas cells isolated from 
shrimps treated with CpG-ODNs were also found to express Hsc70.  Hsc70 
expression was significantly higher in the cells isolated from shrimps treated 
with CpG-ODN 2006 than those isolated from the control shrimps at day 7 
sampling time (*P < 0.05)(Fig. 2).  The expression of PmAV in the 
hepatopancreas of Shrimps injected with CpG-ODN 2006 is shown in Fig. 3. 
PmAV expressions were not significantly increased in the  hepatopancreas 
of shrimps injected with CpG-ODN 2006 on day 7 (*P > 0.05). 
Alpha 2 macroglobulin (α2M) is a non-specific protease inhibitor 
involved in host defence mechanism in invertebrates. α2M is an 
evolutionarily conserved element of the innate immune system whose best-
characterized function is the clearance of active proteases from the tissue 
fluids. In crustacean, proteases are required in the activation procedure of 
the proPO system to digest proPO to PO, and α2M plays a negative 
regulating activity in the proPO system (Yu et al., 2007).  α2M genes have 
been detected expressed primarily in hemocytes of other crustaceans and 
can be induced by microbial challenge (Rattanachai et al. 2004, Lu et al. 
2008, Ho et al. 2009).  The α2M expression increased significantly in P. 
monodon after 12, 24 and 48 h post-injection with PGN.  The administration 
of a diet containing PGN also enhanced the expression levels of α2M in the 
shrimp M. japonicus.  Similarly, α2M from the Chinese mitten crab Eriocheir 
sinensis showed an increase of mRNA abundance 12, 24 and 48 h after 
infection with the Gram-negative bacteria Aeromonas hydrophila.   
Heat shock protein 70s (Hsc70s) are fundamental chaperone proteins 
that are indispensable to most living organisms.  Lo et al. (2004) showed that 
the expression of Hsc70 messenger ribonucleic acid (mRNA) in hemocytes 
increased 2- to 3-fold at the first hour after shrimp (Penaeus monodon) 
experienced heat shock and 0.5-hour recovery. Yan et al. (2010) 
demonstrated that heat shock cognate protein 70 (Hsc70) in shrimp cells 
could inhibit apoptosis induced by white spot syndrome virus (WSSV) 
infection. 
In the present study, CpG-ODN 2006 was not significantly enhanced 
the expression of PmAV genes. PmAV is a novel gene involved in virus 
resistance of shrimp Penaeus monodon.  Parenrengi (2010) showed that 
PmAV gene expression in F0 transgenic PL-25 was up- regulated during 
WSSV infection, and over-expression of PmAV cDNA increased the survival 
rate of 24.5% in transgenic shrimp (95.6% survived) compared to the control 
shrimp (71.1% survived) against WSSV.  
CpG 2006 has been shown to induced the expression of α2M and 
HSC-90 genes in Giant Freshwater Prawn (Macrobrachium rosenbergù) (Lu 
et al., 2007). Heat shock protein is a chaperonin. In human toll-like receptor 
(TLR) system, the heat shock protein could regulate the immune response 
through binding with TLR (Takeda et al., 2003).  CpG ODN may activate the 
proPO system through PKC- or endocytosis- NF-KB signaling pathway 
(Chuo et al., 2005; Sung et al., 2007).  
In conclusion, CpG oligodeoxynucleotides activate expression of α2M 
and Hsc70 genes in shrimp hepatopancreas and fail to enhance the 
expression of PmAV genes. 
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Legend to Figures 
Fig. 1.    Densitometric quantification of α2M genes expression relative to the 
-actin transcript in hepatopancreas isolated from control shrimps 
injected with PBS and CpG-ODN 2006 treated shrimps. 
Hepatopancreas were harvested at 7 days post injection. Values are 
mean  SE in 10 shrimps.  *P < 0.05. 
Fig. 2. Densitometric quantification of HSC-70 genes expression relative to the 
-actin transcript in hepatopancreas isolated from control shrimps 
injected with PBS and CpG-ODN 2006 treated shrimps. 
Hepatopancreas were harvested at 7 days post injection. Values are 
mean  SE in 10 shrimps.  *P < 0.05 
Fig.3. Densitometric quantification of PmAV genes expression relative to the 
-actin transcript in hepatopancreas isolated from control shrimps 
injected with PBS and CpG-ODN 2006 treated shrimps. 
Hepatopancreas were harvested at 7 days post injection. Values are 
mean  SE in 10 shrimps.  *P > 0.05  
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